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PURPOSE: To improve the coercive force while 
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CONSTITUTION: A multilayer film, which is constituted 
by stacking transition metals or alloys between fellow 
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(57)Abstract: 

PURPOSE: To improve the coercive force while suppressing the kerr 
rotational angle of the record layer by the multilayer of transition 
metal/noble metal or the decrease of its angular ratio. 
CONSTITUTION: A multilayer film, which is constituted by stacking 
transition metals or alloys between fellow transition metals and noble 
metals or alloys between noble metals alternately, is made as a record 
layer on a substrate. This is manufacture of heat-treating the record layer 
in inert gas atmosphere or vacuum atmosphere, and its medium being made 
by that. The condition of heat treatment temperature T(K) and time t (sec) 
is as follows: 330<T700, 10<t<106, and the relation between T and t is as 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the magneto-optic-recording medium characterized by including the process 
which forms on a substrate the multilayers which come to carry out the laminating of the alloy of transition metals or 
transition metals, and the alloy of noble metals or noble metals by turns as a record layer, and heat-treats said 
multilayers in an inert gas ambient atmosphere or a vacuum ambient atmosphere the back. 

[Claim 2] The manufacture approach of the magneto-optic-recording medium according to claim 1 characterized by 
heat-treating heat treatment temperature by temperature [ which is expressed with t<=1.91xl0 (4450/T) (-5) as relation 
of 330<=T<=700, 10<=t<=106, and T and t when T (K) and heat treatment time amount are expressed with t (second) 
using absolute temperature ], and condition within the limits of time amount. 

[Claim 3] The manufacture approach of a magneto-optic-recording medium according to claim 2 that heat-treatment- 
temperature T (K) and heat treatment time amount t (second) are characterized by heat-treating by temperature [ it is 
expressed with 2.63x10 (3270/T) (-4)<=t<= 1.9 1x10 (4450/T) (-5) as relation of 330<-T<=700, 10<=t<=106, and T and 
t ], and condition within the limits of time amount. 

[Claim 4] The manufacture approach of the magneto-optic-recording medium according to claim 1 to 3 characterized by 
using cobalt (Co) and platinum (Pt), respectively as the transition metals which form multilayers, and noble metals. 
[Claim 5] laminating spacing lambda (nm) whose thickness dPt of 0.2 <=dCo<=2 and Pt layer (nm) the thickness dCo 
of Co layer (nm) is the sum total thickness of 0.2 <=dPt<=2, one layer of Co layers, and one layer of Pt layer - 
0.8<=lambda< : =2.5 and thickness D (nm) of the whole multilayers — 2.5<=D<=100 it is — the manufacture approach of 
the magneto-optic-recording medium according to claim 4 characterized by things. 

[Claim 6] The manufacture approach of the magneto-optic-recording medium according to claim 1 to 5 characterized by 
including the substrate layer which used and formed the metal and/or the dielectric between multilayers and a substrate. 
[Claim 7] The manufacture approach of the magneto-optic-recording medium according to claim 6 characterized by 
using Pt, Pd, Au, Ag, Cu, W, Ir, Rh, aluminum, or at least 2 of these as a metal which forms a substrate layer. 
[Claim 8] The manufacture approach of the magneto-optic-recording medium according to claim 7 characterized by 
using Pt, Pd, Au, or at least 2 of these as a metal which forms a substrate layer. 

[Claim 9] As a substrate layer, ZnS, ZnO, In 203, Sn02, and aluminum 203, Ta 205, Si02 and Ti02, Fe 203, and 
Zr02, Bi 203, ZrN, TiN, Si3 N4, A1N, AlSiN, TaN, NbN, CoO and NiO, or the manufacture approach of the magneto- 
optic-recording medium according to claim 6 to 8 characterized by forming using at least two of these. 
[Claim 10] The manufacture approach of the magneto-optic-recording medium according to claim 9 characterized by 
forming a substrate layer using SiN, A1N, AlSiN, or at least 2 of these. 

[Claim 1 1] The magneto-optic-recording medium characterized by manufacturing using the manufacture approach of a 
magneto-optic-recording medium according to claim 1 to 10. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magneto-optic-recording medium which performs informational 

record, playback, elimination, etc. by light, such as laser, and its manufacture approach. 

[0002] 

[Description of the Prior Art] Researches and developments of the versatility [ optical recording medium ] as high 
density and a mass information record medium are done. Especially the magneto-optic-recording medium in which 
informational repeat record elimination is possible has a large applicable field, and various magneto-optic-recording 
media are announced. 

[0003] In the magneto-optic-recording medium by which current marketing is carried out, the rare earth transition- 
metals amorphous alloy is usually used as a record layer. However, to the laser of short wavelength, car angle-of- 
rotation thetak (deg.) becomes small rather than the laser wavelength of 830nm for which this ingredient is usually used. 
In the system which realizes high density record using the laser of short wavelength more, we are anxious about the fall 
of signal-to-noise-ratio C/N, and this is inconvenient. 

[0004] In order to solve this trouble, research using the multilayers which consist of structure which carried out the 
laminating of Pt layer, Co layer or Pd layer, transition-metals layers, such as Co layer, and the noble-metals layer by 
turns as a record layer is done. Since unlike what is depended on the above-mentioned rare earth transition-metals 
amorphous alloy a car angle of rotation is large in the wavelength field of short wavelength laser and it excels also in 
corrosion resistance, promising ** of the record layer by these multilayers is carried out as a future magneto-optic- 
recording ingredient. 
[0005] 

[Problem(s) to be Solved by the Invention] There is coercive force as one of the properties with the important record 
layer in a magneto-optic-recording medium. Coercive force is a property required for stable maintenance of record. 
However, in the case of the multilayers which consist of transition metals and noble metals, especially Co/Pt 
multilayers, there was a fault that this was small. 

[0006] That is, Co/Pt multilayers are 0.5nm in 1.5nm in thickness of Pt layer, and thickness of Co layer, although 
coercive force differs at intervals of the laminating of the metal layer to constitute. When the record film with which 1 0 
period laminating is carried out and the whole thickness is set to 20nm is created by sputtering in the argon gas ambient 
atmosphere of 5mTorr(s), coercive force is 0.2kOe extent, even if it changes thickness, a period, etc. at this time ~ 
coercive force — at most — it becomes only 0.5kOe extent. This value is very small compared with the coercive force of 
rare earth transition-metals amorphous alloy record film, such as TbFeCo, and unsuitable for insurance maintenance of 
record. 

[0007] Some attempts are made about the improvement in coercive force of current Co/Pt multilayers. The report 
(Institute of Electronics, Information and Communication Engineers technical research report vol.90 and No.329 P 
(MR90 43-46)1-8 (1990)) of the approach of heat-treating Co/Pt multilayers as one exists. In it, if it is changeless to 
magnetic properties and heat-treats for 400 ** / 30 minutes even if it heat-treats Co/Pt multilayers for 300 ** / 30 
minutes in a vacuum, it is reported that both coercive force and saturation magnetization decrease. Although the 
coercive force and residual magnetization can be increased by furthermore heat-treating for 30 minutes by 300 - 500 ** 
in atmospheric air on the other hand, it is also reported that saturation magnetization decreases. 
[0008] Although it is required for a car angle of rotation to be large as a record layer of the magneto-optic-recording 
medium by the multilayers which carried out the laminating of transition metals and the noble metals by turns here, this 
has saturation magnetization, residual magnetization, and a forward correlation. Namely, the residual car angle of 
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rotation is so large that the saturation car angle of rotation of the larger record layer of saturation magnetization is larger 
and residual magnetization is large. 

[0009] Therefore, in order that a record layer may oxidize and saturation magnetization may decrease by it if it heat- 
treats in atmospheric air for the improvement in coercive force as it is in the above-mentioned report, a saturation car 
angle of rotation decreases, and as a magneto-optic-recording medium, it is not desirable. 

[0010] In the magneto-optic-recording medium which formed the multilayers which this invention is made in view of 
this present condition, and come to carry out the laminating of transition metals and the noble metals to a substrate by 
turns as a record layer While acquiring the manufacture approach of a magneto-optic-recording medium that reduction 
of a car angle of rotation or its square shape ratio can be suppressed, raising the coercive force of a record layer, it aims 
at obtaining the magneto-optic-recording medium which was excellent in coercive force and a car angle of rotation, or 
its square shape ratio with it. 
[0011] 

[Means for Solving the Problem] The manufacture approach of the magneto-optic-recording medium concerning this 
invention On a substrate, the multilayers which come to carry out the laminating of the alloy of transition metals, the 
alloy of transition metals and noble metals, or noble metals by turns are formed as a record layer, and it is characterized 
by including the process which heat-treats said multilayers in an inert gas ambient atmosphere or a vacuum ambient 
atmosphere the back. 

[0012] Moreover, the magneto-optic-recording medium concerning this invention forms the multilayers which come to 
carry out the laminating of the alloy of transition metals, the alloy of transition metals and noble metals, or noble metals 
by turns as a record layer on an above-mentioned substrate, and is characterized by manufacturing by the approach 
including the process which heat-treats said multilayers in an inert gas ambient atmosphere or a vacuum ambient 
atmosphere the back. 

[0013] It found out that coercive force could be improved, without decreasing saturation magnetization by using the 
heat treatment approach of different conditions from the approach of given [ above-mentioned ] (1990) in a report 
(Institute of Electronics, Information and Communication Engineers technical research report vol.90 and No.329 (MR90 
43-46) PI -8), as a result of this invention persons* conducting various experiments in order to heighten coercive force, 
and inquiring wholeheartedly. 

[0014] That is, in this invention, the multilayers which carried out the laminating of transition metals and the noble 
metals by turns, and formed them into inert gas ambient atmospheres, such as an argon and helium, or a vacuum 
ambient atmosphere are heat-treated. 

[0015] As heat-treatment-temperature [ in that case ] T (K), it is 330<=T<=700 since the conventional electric furnace 
etc. can be used. It is desirable to carry out in a temperature requirement. And the error of the processing time tends 
[ not much / preferably and ] to produce carrying out not much long time as heat treatment time amount t (second) from 
productivity for a short time. From this point, it is 10<=t<=106. It is desirable to carry out. In order to aim at 
improvement in the optical magnetic properties by heat treatment moreover, it is desirable that the relation between 
heat-treatment-temperature T (K) and the heat treatment time amount t (second) heat-treats in the range of the 
temperature and the time amount conditions expressed with t<= 1.91x10 (4450/T) (-5). By heat-treating on this 
condition, it can suppress reduction of saturation magnetization or residual magnetization in that case, and it not only 
can perform improvement in coercive force, but can suppress reduction of a saturation car angle of rotation or a residual 
car angle of rotation. Moreover, although the ratio of a residual car angle of rotation to a saturation car angle of rotation 
is expressed as a square shape ratio of a car angle of rotation, this value is so desirable that it is close to 1 as a magneto- 
optic-recording medium, and can also suppress reduction of the square shape ratio of this car angle of rotation. 
[0016] Furthermore, in order to acquire higher coercive force, it is desirable to heat-treat by adding the temperature and 
the time amount conditions expressed with 2.63x10 (3270/T) (-4) <=t. 

[0017] As a cause which can perform improvement in coercive force by performing heat treatment by such this 
invention, it is thought that it is based on a structural change of a membranous gestalt and a Co/Pt interface. 
[0018] On the other hand, although coercive force will improve if the heat treatment time amount t heat-treats on 
condition that what [ what is longer than this invention ], i.e., 1.91xlO(4450/T) (-5) <t, the square shape ratio of 
saturation magnetization, a saturation car angle of rotation, or a car angle of rotation will decrease. A diffusion 
phenomenon happens in Co and Pt interface, and this is considered for the perpendicular magnetic anisotropy produced 
according to an interface to decrease remarkably. 

[0019] The Institute of Electronics, Information and Communication Engineers technical research report vol.90 No.329 
(MR90 43-46) PI -8 The heat treatment approach of a publication (1990) is performed in the atmospheric-air ambient 
atmosphere, and it is thought that saturation magnetization will decrease to **** to which oxidation of Co progresses 
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greatly. On the other hand, by this invention, as above-mentioned, it heat-treats in inert gas, such as helium gas and Ar 
gas, or a vacuum ambient atmosphere, and such a thing does not happen. 

[0020] As for the combination of the transition metals and noble metals which are used by this invention, Pt, Au, Cu, 
Pd, Ag, etc. are mentioned as Co, nickel, Fe, and noble metals as transition metals. Among this, from the field of optical 
magnetic properties, the combination of Co/Pt, Co/Pd, and Co/Au is desirable and it is desirable from the property in 
which Co/Pt was excellent especially being shown. Moreover, as transition metals, it can also be made the alloy of 
transition metals instead of the configuration of only an independent element. Moreover, also with noble metals, it can 
also be made the alloy of noble metals instead of the configuration of only an independent element. 
[0021] In the multilayers which come to carry out the laminating of transition metals and the noble metals by turns, the 
optical magnetic properties change with each thickness of transition metals and noble metals, laminating spacing (sum 
total thickness of one layer of transition metals, and one layer of noble metals), and thickness of the whole multilayers, 
the combination of Co and Pt -- the thickness dCo of Co layer (nm) - the thickness dPt of 0.2 <=dCo<=2 and Pt layer 
(nm) 0.2 <=dPt<=2 and laminating spacing lambda (nm) ~ thickness D (nm) of 0.8<=lambda<=2.5 and the whole 
multilayers ~ 2.5<=D<=100 it is — things are desirable from the field of optical magnetic properties. Moreover, it is 
necessary to determine the optimal combination of dCo, dPt, lambda, and D if needed [, such as a car angle of rotation, a 
square shape ratio, and coercive force, ]. 

[0022] Moreover, coercive force can also be raised still more effectively by having prepared the substrate layer which 
used and formed the metal and/or the dielectric between a substrate and multilayers. Although there will be especially 
no limitation if the effectiveness of the improvement in coercive force is acquired by this invention as an ingredient of 
this substrate layer, as a metallic material for substrate layers, it is desirable to use Pt, Pd, Au, Ag, Cu, W, Ir, Rh, 
aluminum, or at least 2 of these. It is desirable to use Pt, Pd, Au, or at least 2 of these especially. As dielectric materials, 
moreover, ZnS, ZnO, In 203, and Sn02, aluminum 203, Ta 205, Si02, Ti02, and Fe 203, It is desirable to use Zr02, 
Bi 203, ZrN, TiN, Si3 N4, A1N, AlSiN, TaN, NbN, CoO and NiO, or at least 2 of these. Things are more desirable 
using SiN, A1N, AlSiN, or at least 2 of these especially. 

[0023] It is necessary to choose suitably as a substrate ingredient which forms a magneto-optic-recording medium 
according to heat treatment temperature. When using ingredients with the high melting point, such as glass, a silicon 
wafer, a garnet, and a metal, as a substrate, about heat treatment temperature and heat treatment time amount, the 
conditions of this invention can be applied in the large range. On the other hand, to use resin substrates, such as a 
polycarbonate, it is necessary to choose the heat treatment temperature below the melting point. Under the present 
circumstances, in order to acquire high coercive force, the heat treatment time amount also with the longest possible 
within the limits of the heat treatment conditions by this invention is desirable. 

[0024] Moreover, as a configuration of the magneto-optic-recording medium using this invention, a well-known 
configuration, for example, the configuration which sandwiched the record layer with the transparence dielectric, the 
configuration using the metallic reflection film, the configuration that prepared the organic protective coat are altogether 
applicable. Moreover, also about the size of a medium, lamination structure, veneer structure, and a format format, there 
is especially no limit and it can be applied altogether. 
[0025] 

[Working Example(s) and Comparative Example(s)] The record layer of Co/Pt multilayers was formed on Si substrate, 
and change of the optical magnetic properties of the record layer in heat treatment order was examined as follows. 
[0026] About examples 1-16 and the examples 1-5 of a comparison, it created as follows. First, Pt target and Co target 
of the diameter of 4 inch were installed in the sputtering chamber, and Si substrate for forming a record layer in the 
pedestal with a water cooler arranged in it and the location which counters was installed. And in Ar gas ambient 
atmosphere of gas pressure 5mTorr, 15nm of Pt substrate layers was deposited on Si substrate by RF sputtering of 
injection power 100W. Then, it is 0.5nm of Co layers by RF sputtering of injection power 100W in Ar gas ambient 
atmosphere of gas pressure 5mTorr the same on this substrate. 1.5nm of Pt layers 10 period laminating was carried out 
by turns, and Co/Pt multilayers with an overall thickness of 20nm were formed. 

[0027] Moreover, the example 17 was created as follows. Pt target of the diameter of 4 inch, Co target, and 
aluminum30Si70 target were installed in the chamber of a sputtering system, and Si substrate for forming a record layer 
in the pedestal with a water cooler arranged in it and the location which counters was installed. First of all, it is Ar/N2 
continuously. Mixed gas (N2 30vol.%) is introduced into a chamber, and it is gas pressure 12mTorr. The AlSiN 
substrate layer was created on Si substrate by carrying out RF sputtering of the aluminum30Si70 target. The injection 
power at this time is 600W, and the thickness of the formed AlSiN substrate layer is 15nm. A vacuum is not broken 
after that, but the ambient atmosphere in a chamber is changed to Ar gas, and it is gas pressure lOmTorr. In Ar gas 
ambient atmosphere, it is injection power 50W. It is 0.5nm of Co layers by DC sputtering. 1 .5nm of Pt layers 10 period 
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laminating was carried out by turns, and Co/Pt multilayers with an overall thickness of 20.0nm were formed. 
[0028] And as an example 18, Co/Pt multilayers were formed on the same conditions as an example 1 except having 
changed the thickness of Co layer and Pt layer. 0.7nm of namely, Co layers 1.5nm of Pt layers 9 period laminating was 
carried out by turns, and Co/Pt multilayers with an overall thickness of 19.8nm were formed. 

[0029] in this way, helium gas after heat treatment to the obtained record layer leaves the substrate in which the record 
layer was formed, in ordinary temperature 200 cc a part for /-- comparatively — coming out - passing — ** — it put 
into the electric furnace maintained at fixed heat treatment temperature, after the appointed heat treatment time amount 
passed, it took out from the electric furnace, and it carried out by the approach of cooling naturally in ordinary 
temperature. 

[0030] At this time, the coercive force (kOe) in heat treatment order, saturation magnetization (emu/cc), the saturation 
car angle of rotation (deg.), and the residual car angle of rotation (deg.) were measured. 

[0031] The result of having examined by changing various setup of heat treatment temperature (degree C) and heat 
treatment time amount (second) is shown in Table 1 and 2. However, in Table 1 and 2, a car angle of rotation is a 
saturation car angle of rotation (deg.), and a square shape ratio is a ratio of a residual car angle of rotation to a saturation 
car angle of rotation. 

[0032] Moreover, the conditions of heat treatment temperature and heat treatment time amount of having examined as 
an example and an example of a comparison are shown in drawin g 1 . O mark shows 1-10 of an example, 13-15, and 
17-18 among drawing, moreover, ** mark — 1 1- of an example — 12 and 16 are shown. Furthermore, x mark shows 1-5 
of the example of a comparison. 

[0033] Consequently, in the examples 1-18 shown in Table 1, reduction of the square shape ratio of saturation 
magnetization, a saturation car angle of rotation, and a car angle of rotation was able to be suppressed few, raising 
coercive force. 

[0034] In the examples 1-5 of a comparison shown in Table 2 on the other hand, although coercive force has improved, 
reduction of the square shape ratio of saturation magnetization, a saturation car angle of rotation, or a car angle of 
rotation is big. 

[0035] Namely, it sets in the relation of the heat-treatment- temperature T (K) and the heat treatment time amount t 
(second) which were expressed with absolute temperature. If it heat-treats on cpndition that t<=l .91x10 (4450/T) (-5) as 
relation of 330<=T<=700, 10<=t<=106, and T and t as shown in Table 1 as an example Coercive force can be 
heightened, while there is little reduction of saturation magnetization and a saturation car angle of rotation and a square 
shape ratio also obtains 0.80 or more. 

[0036] If it heat-treats on condition that 1.91xlO(4450/T) (-5) <t on the other hand as shown in Table 2 as an example of 
a comparison, although coercive force is heightened, the square shape ratio of saturation magnetization, a saturation car 
angle of rotation, or a car angle of rotation decreases greatly, and it is not desirable as a magneto-optic-recording 
medium. [ of a ratio ] 

[0037] It is still more desirable that coercive force heat-treats by adding the conditions of 2.63x10 (3270/T) (-4) <=t as 
heat treatment conditions as shown in the examples 1-10 of Table 1, 13-15, and 17-18 since the higher one is desirable. 
[0038] 
[Table 1] 
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[0039] 
[Table 2] 
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[0040] 

[Effect of the Invention] In the magneto-optic-recording medium which formed the multilayers which carry out the 
laminating of transition metals and the noble metals to a substrate by turns, and become it as a record layer as this 
invention was explained in full detail above While acquiring the manufacture approach of a magneto-optic-recording 
medium that reduction of a car angle of rotation or its square shape ratio can be suppressed, raising the coercive force of 
a record layer, the magneto-optic-recording medium which was excellent in coercive force and a car angle of rotation, 
or its square shape ratio with it can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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